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SIR: 

I, Mark Norton, declare that: 

1 . ! am one of the co-inventors of the present application. I have been involved 
in all stages of the development of the subject matter disclosed in |he present application. 

I am also aware of the pending claims in the present application, as well as the Office 
Action mailed December 19, 2008. i 

2. The present invention is directed to a novel discovery by the inventors, 
namely that consumer liking, i.e. taste preference, for a coffee product can be affected by 

4he-addition-t)f-aslngte--nataral^^^^ 

consumer sensory characteristics of coffee are its roast quality/bitterness and acidity, as 
determined by consumer sensory evaluations of numerous diverse coffee types. An 
extensive independent study was conducted and published in an article by the European 
Sensory Network Food Research Association, entitled "European Sensory and Consumer 
Study— A Case Study on Coffee" by J.A. McEwan (relevant excerpts attached in 
Appendix A). In the study, other attributes were described which play a minor role in 
characterizing the coffee flavor. Inherent flavors in coffee are described as grassy, green, 
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citrus, floral, fruity, cereal, roasted, caramel, bitter, woody and winey, as well as other 
attributes. 

3. The flavor of coffee is the result of the coffee beans and the roasting 
conditions used to produce the roast coffee blend. Depending on the beans and roasting 
conditions, the coffee blend will be classified by the origin of the coffee bean, e.g., 
Sumatra, Columbia, Kona, or by roasting conditions, e.g., French roast or Espresso. 
Although there will be variations in the taste of these blends, collectively they would all be 
referred to as non-flavored or natural coffee. 

4. Coffee itself Is a complex product which includes many compounds. Of 
these flavor compounds, only a few have been previously considered relevant to the taste 
and aroma In the final coffee beverage. Of the previously considered relevant 
compounds, they can be classified into groups by the flavor attribute with which they are 
associated when present within coffee beverages. One example of a flavor group is 
roasted-nutty. 

5. While coffee has natural attributes, in recent years, coffee manufacturers 
have added an additional flavor to the coffee product, i.e. a non-coffee flavor, which 
includes hazelnut, chocolate, vanilla, raspberry, Irish creme, toffee, orange, amaretto and 
marshmallow. The resulting product is referred to as "flavored coffee" to distinguish it from 
natural coffee product. 

6. When processing coffee beans with the intent of positively affecting the 
intensity of one flavor attribute, commonly there is a negative affect on at least one other 
flavor attribute. This can be linked to the chemistry of coffee flavor compounds which 
undergo chemical reactions depending on the roast conditions. Furthermore, due to 
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different chemical reactions and tlie roast conditions, it is unpredictable as to what the 
effect altering even a single flavor, such as adding a flavorant, will have in the final coffee 
taste. 

7. As noted in paragraph 2 above, one naturally occurring component in 
brewed coffee is linalool. However, prior to the present invention, linaiool, was not 

believed to be of any "major" importance to coffee flavor and/or consumer liking. See, 
e.g., Blank-I; Sen-A; Grosch-W, "Potent odorants of the roasted powder and brew of 
Arabica coffee," Zeitschrift-fuer-Lebensmittel-Untersuchung-und-Forschung; 195 (3) 239- 
245, 1992 (hereinafter "Blank et al."), attached to this declaration as Appendix B, which 
assesses 3,7-dimethylocta-1,6-dien-3-ol, i.e. linalool, as being unimportant in the overall 
contribution to roasted coffee flavor. The Blank et al. study included 38 compounds that 
the researchers could detect with their equipment. This included linaiool. The summary 
on the front page highlights the 13 compounds that the group found to be important to the 
overall perception of coffee ~ linalool is absent. Further, Ivor Flament, "Coffee Flavour 
Chemistry," Wiley Press, pp. 104-105 {hereinafter "Flament," attached in Appendix C) 
suggests it is probably unin^^^^^^^ 

Still, another important reference makes no mention of it within a list of important 
compounds, namely Illy, A; Viani, R; "Espresso Coffee: The Science of Quality," Elsevier 
Academic Press, p. 201 (hereinafter "Illy", attached in Appendix D). 

8. Linalool is typically present In roast and ground coffee product in an amount 
between 30 [jg/kg and 4700 pg/kg, and in brewed coffee in an amount of 1 pg/l to about 
30 pg/l. Linalool, in isolation, is characterized as having a fruity-floral character (see, e.g., 
Flament, Appendix C). 
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9. Prior to the present invention, linalool was considered to be an undesirable 
component in coffee (Flament, pp. 104-15, Appendix C). Specifically, presence of linalool 
was associated with providing an "undesirable note in disharmony with the notes of a 
roasted coffee." {Id.) Linalool is further described as being a "potent odorant [ ] of 
roasted powder of Arabica coffee but not in brew." {Id., citing Blank et al.) Further, prior to 
the present invention, one would not have believed that it would be desirable to add a 
fruity-floral character in a natural coffee flavor product. Therefore, one did not previously 
add additional linalool to a coffee product (Flament, Appendix C). 

10. Discovery of the present invention proceeded by first taking coffee 
compounds and identifying their respective contributions to specific sensory coffee 
attributes in order to assess the importance that each attribute contributes to consumer 
liking. Prior to the present invention, we were not aware of any other study which 
determined in detail which groups of compounds were responsible for specific attributes 
contributing to consumer liking. During our study, we determined how to enhance, 
degrade or decouple several flavor and aroma attributes by the addition of associated 
groups of coffee flavor compounds within a robust statistical design. This method 
permitted us to assess consumer reaction towards enhanced levels of each individual 
attribute and did not generate unfamiliar attributes within the context of pure coffee. As a 
result, we were able to "decouple" coffee attributes in order to accurately assess which 
flavor and aroma attributes contributed to consumer liking. We then determined consumer 
responses to flavor attributes, i.e. components associated with driving coffee product 
liking. In addition, we evaluated consumer responses for components that previously had 
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only been associated with contributing to subtleties of the coffee product profile on a 
component-by-component basis. 

1 1 . Through our experimentation, we surprisingly determined that a single 
chemical, linalool, which previously was not known to be of primary importance to affect or 
be associated with sensory attributes, let alone to be important at all in the overall coffee 
flavor, drove significant consumer Iil<ing. Further, it was determined that enhanced 
consumer liking was attributed to linalool in a roast and ground coffee having levels of 
linalool, as measured in the roast and ground product, of at least 6000 pg/kg using the 
Likens method. Based on these results, the amount of linalool in roast and ground coffee, 
one can extrapolate the data to soluble coffee having levels of at least 2000 pg/kg of 
soluble coffee solids present in the soluble coffee. 

1 2. Some coffee experts come to regard the delicate Arabica coffee from East 
Africa as high quality, e.g., Ethopian Sidamo and Ethiopian Djimmah. These origins of 
coffee are relatively rare and expensive. We have identified that a key differentiating 
chemical signature within this family of coffee is the higher level of linalool, and found 
through the course of this work that elevating the level of linalool in more common, lower- 
linalool variants that we can move the flavor character towards the more expensive and 
rare Ethiopian coffee. 

1 3. Further, surprisingly we determined that fruity and floral attributes 
substantially drove consumer liking. Prior to the present determination, it was unknown in 
the art that fruity and floral attributes drive consumer liking. More Importantly, we 
determined that the fruity and floral attributes of linalool improve the taste of coffee 
products higher than achievable by varying previously known coffee attributes, 

-5- 

123LT:20120:77574:2:ALEXANDRIA 



components and traditional drivers. We were surprised by this determination, as one of 
ordinary sl<iil in the art would not expect a fruity and floral characteristic to enhance the 
overall liking of traditional, i.e. non-flavored, coffee (see, present specification, 
paragraphs [0033]-[0040]. 

14. Moreover, an internal Kraft study and corresponding Kraft Research Report, 
attached in Appendix F, shows that the presence of linalool resulted In a more desirable 
coffee flavor over the control coffee. 

1 5. Referring to the determination of a fruity-floral attribute which drove 
consumer liking in more detail, the determination was conducted by first identifying groups 
of naturally occurring coffee chemicals, i.e. coffee components, each of which describe a 
well-known sensory attribute of coffee. 

16. In the food art and, in particular, when considering affecting the taste and 
flavor of a food product, one must be mindful and consider the effect adding one or more 
flavorant will have on the other compounds or components in the food product to which 
the flavorant(s) is/are added. As noted above, flavors are often coupled and, in most 
cases, it is completely unpredictable as to what effect adding one or more flavorant will 
have on the flavor of the resulting food product. Furthermore, often one does not add just 
a single flavorant, as typically it will be necessary to add more than one, in order for the 
resulting food product to have the desired flavor attributes. For example, U.S. Patent 
No. 4,31 1 ,720 (Marmo et al.) discloses a lemon flavored product produced by adding 
about 21 different ingredients, in order to produce a lemon flavored product. 

1 7. One of ordinary skill in the art would not have been led to add linalool to 
coffee. Linalool, itself, while known to have a fruity-floral attribute, would not specifically 
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be described as corresponding to any specific flavor, sucli as lemon (see above, 
paragraphs 9, 13 and 14). In fact, linalool is more accurately characterized as "sweet 
floral, petitgraln-like" (see, e.g., http://en.wikiDedia.ora/wiki/Linabol . attached in 
Appendix G). For example, Marmo et al. include it as one of around 21 additional flavor 
ingredients, in order to produce a lemon flavor. Moreover, one would not describe linalool, 
itself, as having a lemon flavor. Therefore, should one desire a lemon flavored product, 
one would not be led to select linalool from among many flavors, which in combination 
produce a lemon flavor, such as those described in Marmo et al. In order to get a lemon 
flavor using linalool, one would have to add additional ingredients, as evidenced by Marmo 
etal. 

1 8. More importantly, prior to our discovery, one of ordinary skill in the art would 
not have known that fruity-flora! attributes drove consumer liking of a coffee flavored 
product. Therefore, one of ordinary skill in the art would not have been led to add a fruity- 
floral flavor ingredient to a coffee flavored product. It was only after we determined that 
fruity-floral drove consumer liking, and, in particular, linalool, that one would have any 
reason to add linalool to a coffee product, 

1 9. In addition, even if one would have desired a fruity-floral attribute in coffee, 
one would not have known that linalool would have produced a desirable coffee product, 
let alone one which had a "linalool" flavor. Due to the coupling effect of flavor ingredients 
and the number of different coffee components and flavor ingredients in coffee, one of 
ordinary skill in the art would not have any reasonable expectation of success or would 
have been able to predict that linalool would drive consumer liking. Prior to the present 
invention, it was unpredictable that adding linalool to coffee would be desirable at all. 
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20. Moreover, the claimed amount of linalool does not produce what one would 
describe as a iemon flavor or in any way reflect the flavor of linalool. To the contrary, the 
coffee product resulting from adding the claimed amount of linalool would not be 
described by one of ordinary skill in the art as having a lemon flavor, although it does 
produce a fruity-floral attribute. Instead, the resulting coffee product would be described 
or characterized by a consumer as having a natural coffee flavor. 

21 . Furthermore, not only would one not have any reasonably apparent reason 
to add linalool to coffee, one would not have known how much to add in order to drive 
consumer liking. Even if one would have thought it desirable to have a fruity-floral 
attribute to coffee, one would not have been enabled to know how much linalool to add in 
order to drive consumer liking. For example, if one would have added the 100 parts per 

1 ,000 of flavorant, as disclosed in Marmo et al., one would not have found that the added 
linalool drove consumer liking at all (see, e.g., present specification, paragraphs [0044]- 
[0047]. Therefore, even if one would have been led to add linalool, one would not have 
known to add a sufficient amount of linalool to produce a coffee product with improved 
consumer liking. Since the amount of linalooi of IVIarmo et al. would not have been 
considered to improve liking, or change the flavor of the coffee product, one would not be 
led to increase that amount of linalool to have the claimed amounts. Again, it must be 
stressed that adding linalool to coffee does not produce a "linalool" flavored product. 
Therefore, one would not know how much linalool needs to be present in order to improve 
taste. In other words, the prior art fails to enable one to know to add linalool to coffee, let 
alone how much to add. 
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22. The amount of linalool added to a coffee product allows one to produce a 
coffee product which mimics the coffee attributes in high quality, more expensive coffee 
blends. Accordingly, linalool is added to a coffee product in order to produce a rich flavor 
which one would find in, or associate with, more expensive coffee blends. However, the 
linalool does not result in the coffee having what one would describe as a "flavored" coffee 
flavor. Instead, one would describe the coffee as having a traditional natural coffee flavor 
{see, e.g., present specification and the Kraft Research Report, Appendix F). 

23. The undersigned declares further that all statements made herein of his 
knowledge are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
section 1001 of Title 18 of United States Code and that such wilful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 

Signed this xv day of. 2009. 
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APPENDIX A 



A Eiiropean Sensory and Consumer Studj 




A European Sensory and Consumer Study 



A case, study on coffee 
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APPENDIX B 



[AiJntersPoisdi(1992) 19S;23»^S 



© springer- Veriag 1992 



gliginal paper ■ ■ " 

gotent odorants of the roasted powder and brew of Arabica. coffee * . 

e iBlank **, AUna S«i and Werner Grosch 

e Forschungsanstalt fSr Lebensmittehdieiiue, Lichtenbergstrasse 4, W-8046 Gatetaing, Federal Republic of Gennany 

^ved April 15, 1992 



sive Gerucbsstoffe Yon Rostkaflee 
I^^RosticaffeeaufguB aus Arabica-Kaffee 

menfassung. Die Axomacxtrakt-Verdunnungsana- 
at(AEVA) von Rostkaffee ergab 13 wichtige Geruchs- 
iSiiffc: 2-Metliyl-3-furanthiol (I), 2-Furfiirylthiol (II), 
■"'iioaal (111), 3-Mercapto-i-methylbutyIformiat (TV), 
7propyl-2-mettioxypvrazin (V), 2-Ethvl-3.5-diiTie - 
- yTazin( VI). ^.3JMethyl-S<aethy^ (Vip, 3-Iso- 
-2-mciaioxypyra2dn (VIII), 3-Hydroxy-4,5^iinethyl- 
)-furahoii fSotolon..I X). 4-Vinylguajacol (XII) und 
l-pamascenon (XIIJ). Die vcrglcichcnde AEVA 
Rdstkaffee und daraus hergesteUtem AufguB zeigte 
^gufl eine Zunahme von in, IX, Vanillin und 4-Hy- 
cyf2,S-dimethyl-3(2H)-fliranon und eine Abnabme 
^II,rV,V,VIIundVIII. 

ry. Aroma extract dilution analysis (AEDA^ re- 
|i^43 compounds as important contributors to the 
g-of roasted coffee (powder): 2-methyl-3-furanthiol 
Diirfurylthiol (II), mcthional (IH), 3-mcicapto-3- 
Jbutyiformatc . (IV), 3-isopropyl-2-oicthoxy- 
CV), 2-ethyl-3,5-dimethylpyra2dne (VI), 2,3-di- 
gniethylpyrazine (VII), 3-isobutyl-2-methoxy- 
m|(VIII), 3-hydroxy-4,5-dimethyl-2(5H)-furanoiie 
^;;iX), 4-ethylguaiacoI (X), 5-ethyl-3-hydTOxy-4- 
K2i[5H)-furanone (XI), 4-vinylguaiacol Q<JT), and 
^mascenone (Xlll). A oomparative AEDA of the 
^wder and brew showed in the brew an increase 
IgC, vatullin and 4-hydroxy-2,5-dimethyl-3(2H)- 
md a decrease of 1, 11, IV, V, Vll, and VIIL 



Mited in part at the 14th Inteniationai Conference oi 
San Frandsoo, USA (July 14-19, 1991) 



Cenltt, Vets<hez'leS'Blanc, CH<1900 
Tjyebtiasse H W-8000 Mfinchen 2, Federal RepubUc 



The volatile fraction of roasted coffee has been analysed 
by many authors (reviews in [1, 2]), who identified more 
than 700 compounds [3] having a wide variety of func- 
tional groups. Attempts to determine those volatiles that 
actually contribute to the flavour of roasted coffee have 
been undertaken by Tressl [4] and, recently, by Holscher 
et al. [5, 6]. On the basis of the odour unit concept [7, 8], 
Tressl [4] suggested that 2-furfurylthiol, identified foe the 
first time in coffee by Reichstein and Staudinger [9], was 
the most important odorant. In addition, he suggested 
further significant compounds for the flavour of coffee 
which were also confirmed in the present study. Recently, 
Holscher et at. [5, 6] using gas chromatography (GC) ol.- 
. factometry of serial dilutions of the volatile fraction 
(aroma extract dilution analysis, AEDA [10]), established 
that some of the odorants suggested by Tressl [4] are in- 
deed intensely involved in the coffee flavour and, in addi- 
tion, th^ extended the number of key compounds re- ~ 
sponsible for the coffee flavour. TTic aim of the present 
study was to compare using AEDA liie potent odoirants 
of the roasted powder and of a brew prepared from this 
powder. 



Materials and methods 

Co/fee. The Aiabica coffee (Coffea arablca) from Columbia was 
supplied by Jacobs Suchard (Bremen, FRG). Th? cofTee beans were 
medium roasted (3 min) usiog a Jetzone roaster. The particle size of 
the roasted and ground coiTee was 300-500 \aa. The cofTee powder 
was packed in 500 g portions whidi were sealed under vacuum and 
stored at -35" C. Coffee powder (20 g) on a cofFee-filter was ex- 
tiacted with hot water (80-100"" C, 500 ml); the brew was immedi- 
ately cooled in a water-bath at 1 2° C. 

Qtanicab. Pure compounds, corresponding to those in Table 2, 
were obtaiqed commcrciaUy: nos. 2, 5, 6, 10, 11, 18, 20, 24, 25, 28, 
30. and 2-hydroxy-3-methyl-2-«g'clopeateii-l-one Ccj'clotene) were 
from Aldrich (Steinheim, FRG); nos. 1, 7, 23, 32, 38 wens from 
Mnck OJannstadt, FRG); nos. 31 and 34 were from Lancaster 
(Morecambc, UK); 2,3-pentandione (no. 3), hexamethyldisilazaae 



(HMDS) and diplwaijdtetraincthyldisilazane (DPTMDS) were from 
Fluk» (Neu-Ulm, FRG); methional (no. 8) was from Sigma 
{Doseohofcn, FRO) and no. 33 from IFF (Hilveisum, the Nether- 
lands). 3-MetliyJ-2-buten-l-thio! and (J)-^-damasccnonc were gifts 
ftom O.G. Vitzthum (Jacobs Suehaid, Bremen, FRG) and G. 
OblofT (Firmenich, Geneva, Switzerland), respectively. - The re- 
agraits for the synthesis of the reference substances were from Al- 
dndL - The solvents (analytical grade) were from Meidc. aceai for 
Fnoa 11, which was from Aldrich. The solvents www purified by 
slow distillation on a Vigrcux column (100 x 1 can). Silica eel 60 
(Merck) was treated with cone HCl and deactivated mth'apiiixnd- 
matdy 7% (by mass) of water [1 IJ. 



Syntheses 

Sbf3-methyl-3-fur^)disulpkide. This was obtained by oxidation of 
the coinesponding thiol according to Evers et al. [I2J. 

2-Hydfoxy.3J.dmu>tkyl.2-cyeIopenten-l-one. This was prepared 
foUowmg the procedure by Tonari et al. [13]. The 3-methyl-5-mor. 
pnoluioinethyi-2-cydopenten-2-ol-l-one was reduced in a "12% ' 
yidd with ^ in acetic add at 80»C for 2 h. 2'Hydroxy^.methyl. and 
S-^ydnxy-iA-dimelkyl-S-cyelopenten l-one. Preparation of a mix- 
ture of these compounds was modeled on the work by Amarp et al 
[14] using 3.methyl6lutaiic acid as the starting material. Aftercstcril 
BB^m and condensation, the cyclic intennediatc was thermally de- 
c»rbpjQflated to the4-methyl derivative. The3,4-dimethyl derivaUve 
WM iwepared by methylation of the cyclic intermediate with CH,I/ 
OH . and subsequent thermal decarboxylation. The mass spectrom- 
etry in electron impact mode [MS(EI)) of the. two aIkyI-2-cyclo- 
Fcaten-2-oI-l-ones agreed with literature data [14, 15]. 

EthyldimctkylthiazolBs. These were prepared by the Hantzsch con- 
densation of an appropiate a-halocarbonyl with a reactive thioam- 
Kte [1 6, 1 7]. The MS(EI) spectra agiwd with literature data. 

5-Ethyl.2,4-dimetkylthiazote. The starting material, 3-bromo-2-pcn- 
Unwe was prepared by adding bromine (2.5 g) dropwise at 45- 
90 C to a mixture of 2-pentanone (0.86 g), water (10 ml) and potas- 
smm dilorate (0.15 g). a heavier oil was formed, whidi was sepa- 
Mtod from the aqueous layer, washed with 5% sodium bicarbonate 
V finally isolated by fractional distfl- 

/ lalion m a 53% yield. 

/•fi'm^"r.°/ aeetmide (0.3 g), phosphorous pentasulphidc 
(0.2^ e) and toluene (5 ml) m a 50-nil three-necked ronnd-bot- 
toBied flash was heated in a water bath. When a black oily lower 
layer formed, 3-bromo-2-pcntanone (0.4 g) was added droiSwise.at 
a rate sufnaeatly fast to maintain refluxing of the solvent. After 
JOTipletion of the addition the mixture was refluxed for 1 h, watM- 
(I ml) Md cone HQ (0.2 ml) were added and the mixture further 
heated for 1 h. The solvent was then distilled off through a short- 
S-ot?^ ^ "^'^'^ "^"^ *»»'<^ 50% aqeous 

NaOH and fmally the compound was extracted with ether. The or- 
E over Na^SO, and the ether removed bydistil- 

^pama y^^^'^ (53%) ofthe target 

^^j^y'-i'^-^'^yHI'i^ole. This was prepared in a 62% yield fol- 
towmg the same synthetic route as described above. The starting 
WM^^te^ni^ " ofthe intermediate 2-bromo-3-pcntanone 

^T^lt'^:^^'^/'^!^'/- ™* P"^^ ^ " 46% yield with 
• ^^^iv T P^^P^^. propionamidc and 3-bromV2-buta. 
. none, which was obtamed from 2-butanone. 

3^a'cqpt0-3-methyl.l^butanoL This compound (I, in Fig.l) was 
, «5«thesi2ed according to Sweetmanetal1p93usini«mKi^ 



tions. The starting material was ethyl 3,3-dimethylaaylic^ 
The sulphur was introduced by reaction .wiUi benzyithioIJi 
the thioether (TV). The second st^ was the deavara of thi 
moiety with Na/NH, (Birch reduction) in order to wndujiel 
rapto denvative (V), »*ich.was then reduced with LiAlH.-c 
the desired IWoalcohol (I). - * ^ 

S-BeKtybttera^ta-S-methyUuiUmoieaddethylester (IV) A-S 
of bemylthiol (0.15 mol) and ethyl 3,3-dimethylacrylate'(0 1^ 
and-piperidine (30 ml) was heated (150° C) under reDiu fofi 
The solution was oooled and actdiiied with diluted HQ (1 s' 
to. pH 2.0. Jhe thioether (IV) was extracted with dieO^* 
(3x50 ml) and the organic phase was washed witt?"^ 
(2 X 30 ml). Alter drying with MgSO, 814" C(l h), thesolv^- 
removed by distiUatioh. The reddue was then fiactionated un 
duoed pressure through a 23-cm FSsher colmnn to afford nun 
^lUm a^91% yield: MS in chenucaf ionization mode lMS(a 

3'M€reaptO'3-meihyibutanoic acid ethylesier (V). A SOO-ml tit 
_ n«slced Hask was fitted vrith a dropping fumicl and an inert-gas ft 
mi«L Ammonia was condensed into the flask at — 78' C and so<k 
■ pellctswOT added to the Uquid until the solution became M 
ester Oy; 100 mmol) was slowly dropped into the solutign and 
an additional amount of sodium pellets was added. The NH,^ 
removed at room temperature under a stream of nitrogen duriill! 
12-h penod. The excess of sodium was destroyed by additiaiS 
methanol (30 ml). Compound V was enriched by extraction of^ 
the residue, which was acidified with diluted HCl (J mol/L) to n 

2- 3, with diethyl ether (2x 150 ml); (ii) the ethereal solution ol 
tamed with aqueous sodium carbonate (10%, w/v, 3 x 150 ml) 
after acidification (pH 2-3); fiii) the aqueous layer with diethyl etl^ 
(2 X 100 nri). Hic organic phase was wasb^ with water and diii, 
over NajSO* aflbrding (V) in 30% yield: MS{CD = 163 (M+ 

3- Mercapio-3-methyl.J-butanol (I). LiAm^ (1 mol/L, 50 mL) inl^ 
ethyl ether was placed under an N, atmosphere in a 250-ml th-^ 
necked Hask. fitted with a dropping funnel. A solution of 50 m 
(V) m dry diethyl ether (30 ml) was slowly dropped into themixt 
which was stirred. The reaction was completed by further stininj 
under reflux for 2 h. After cooling, the mixture was carefully treatec 
with iced water until no gaseous Hj was fonned. HiSO* (10%, v/^ 
was added to obtain a clear solution. The mercaptobutanol Oi wai 
extracted with diethji ether (2 x 100 ml) and purified by colu^ 
chromatography on silica gel at 12' C. Elution with 50% (by vota 
«n'^^^-'?ff ^.^^l^"^ pnre 0) in 70% yidd. MS{CI)' = iM 
(80, M-^ + 1). 87 (100, M* + l-HiS); MS(EI) = 120 (5, M +). 86 (30)| 

al m ^ ^'°?f 

3'Mereapto-3-methylbutyI/onHae (IIJ. The title compoxmd (Fig! 3 
was prepared by formylation of © according to Stifiekm^ et^^ 
A-!i ^,«/'>™3lf«^on«agtat was prepared by addition of acetan^ 
dnde (30 mmol) to formic add (30 mmol) at 45" C for 2 h in 3 
Krew-caped vial. Aftw cooUng with iced water, dry pyridin^ 
(3 mmol) was added and thai 20 mmol of 0) was slowly dropped! 




^ , , SH " ' 



thin 5 mis into the reaction vial which was cooled with iced water, 
"e mixture was heated for 4 h at 45-50' C to complete the fonny- 
' 'on and after cooling to room temperature it was diluted with 

jgrthyl ether (50 ml), washed with NaHCOj (3%, w/v, S x 50 ml) 

JSa then with biine (2 x 50 ml) to neutrality and, finally, dried over 
ijSO* at 4° C for I h. After removal of the solvents the residue 
^s fractionated under reduced pressure through a 2S-cm Ksfaer co- 

.^to afford pure material. MS(CI) « 149C25,M*+1),115(100. 

j;i+ + l-H,S). 103 (40); MS{ED - 148 (5, M*). 102 (25), 87 (10), 

75 (15), 69 (100), 41 (55). 

olation of the volatiles 

_ oited coffee powder. HbKiaasUA cofiee powder (50 g) was placed 
ffa 5O0 ml two-necked flask and diethyl «ther/n-pentane (2+1, yfy, 
''60 ml) was added. The suspension was gently stirred for 10 min 
ind then frozen for 30 min in liquid N^. The flasic was adapted to 
the apparatus described in [21 , 22| and the volatiles were distilled off 
t 0 02 Pa for 3 h. The temperature of the water-bath was then 
o 50° C and the distillation contmued for a further 2 h. 
jt condensates of the first three cooling traps were combined, 
^'ed over Na^SO* at 4° C and concentrated on a Vigreux column 
"5 ml. , 

"« brew. The neutral components were extracted from the brew 
ml) with CHja^/Freon 11 (1 + 1, v/v, 500 inO for 15 h using 
rotation perforator (Normag, Hofheim am Tatmus, Genuany). 
Tie extract was concentrated on a Vigreux column (50 x. 1 cm) to 
"0 ml and the volatile fraction was isolated by distillation under 
-gh vacuum as described above. The distillate was concentrated by 
'crodistillation [23] to 2 raL. Thus, the concentration factor was 
le (F = 10) in both samples, the roasted powder and brew. 



'lyticalmeihods 

. w chromatography. The extracts of coffee powder (2 kg) and 
' 'obtained by distillation in high vacuum were fnictionated at 
-2'' C on a water-cooled column (24 x 1 cm) padked 'with a 
' of silica gel 60 ia pentane. The elation was performed with 

pentane/diethyl ether (95; 5, by toI., fraction A), 30 ml pen- 
diethyl ether ^5 : 25, by vol,, fraction B), 30 ml pentane/diethyl 

(50; 50, by vol., fraction Q, and (inaUy 100 ml diethyl ether 

on D). 

zrfoTmance liquid chrcmtatography (HPLC). Forthe idendfica- 
compound no. 14 fraction B was chromatographed with the 



cohuna aod the apparatus described earlier (24]. Diethyl ether in 
pentane (3 + 97, v/v) was used as solvent mixture for separation into 
five subfractions that eluted in the ranges 4.0-6.5 ml (B I), 6.5- 
S.Oml (B H), 8.0-10.5 ml (B HI), 10.5-14.4 ml (B IV) and 14.4- 
20.0 ml (B V). Compound no. 14 was detected in the subfracticn B 
IV. I^iactian D was separated by HPLC using the conditions de- 
scribed in [25] in order to identify compound no. 17. 

CapiUary gas chromatography (HRGC). This was performed using 
jhe glass capillaries and fused-silica capillaries listed in Table 1 , The 
glass capiDaries were prepared aocorcUng to Grob [26] using some 
modifications. The AR (aUudO glass aq)illaty was leached with a so- 
hition of 20% HQ (10 h, 130* Ci, and washed iwith HQ (1 mol/L, 
10 ml). The deionization process was followed by a dehydration step 
(230° C, 20 min, 2.7 x 10' Pa). The metal-free and dry inner surface 
was deactivated by petsilylatioii (8 h, 400" Q using a solution of 
HMDS/DPTMDS/pentanc (1 + 1 -i- 2, v/v/v). The capillary was sub- 
sequenUy lissed with toluene, methanol and diethyl ether. The cor- 
rectness of the procedure was checked by the ammonia test sho^ving 
that about 60% of the capillary was filled vnth the solvent. After 
drying, the cainllary was coated with the stationary phase (0.4% in 
methylene chloride) using the static method according to Bouche 
• and VoMle [27]. 

The coated capillary was slowly heated (r'C/nun) from 35° C to 
250* C (10 h). The quality of the capillary was characterized by the 
"XJrob-Test" [28}, the separation efficiency ("Trennzahl") according 
to Kaisn [29] and the peak symmetry [30]. Some details axe summa- 
rized in Table 1. 

The samples were applied by the "on-column injection" tech- 
nique. Retention indices (RI) were calculated, and the HRGC con- 
ditions were as described in [2IJ. Precolumns were renounced to 
. avoid adsorption effects by the free silanol groups in the glass con- 
nector. 

Stability af enoloxo compounds during HRGC. An aliquot (al) of a 
stock solution of the compound in methanol was injected on each 
of the eight capillaties (Table 1). The peak area obtained was set 
equal to 100%. The stock solution was diluted with methanol as re- 
ported for AEDA [10] and aliquots (same volume as al) of each di- 
'liited solution were analysed by HRGC on the capillaries listed in 
Table 1. Mean values were calculated of the areas of the peaks ob- 
tained for each couple of capillaries ("a" and "b" in Table 1) and 
then projected onto the peak area, whjch would give the amount dis- 
solved in aliquot al. These theoretical values were rehtted to the 
100% value and plotted versus the amounts of the substance ana- 
lysed. • . 



V CapjJlaries used for capillary gas 
tography {HRGQ 



il (separation efficiency) accord- 
"r [29] using the GC conditions 
,J- ^io/ii, decane/undecane; 
ylcster of decanoic add and 
acid 

y according to Meyer [30]. 
!;:P.2,3-butandiol; Cu, 

^ (J & W) obtained from 
.(Hofheim, FRG) 

Supelcowax 10 obtained from 
tilzha(A. PRG) 
/atty aad phase 



HRGC Stationary Dimension and 
system phase, film type of ^ass 
thickness (4) material 



SE-54 
4=0.3 (tm 
SE-54 
dr-0.3 ftm 
OV.1701' 
<i^<°0.25 v^m 

ov-mi 

<ii=0.3|tm 
Carbowax* 
4=0.25 pm 
Carbowax'' 
4oOJt5pm 
FFAP°'" 
400.25 pm 
FFAP*-* 
4=0.25 pm 



25mx0.3mm 
Soft glass 
30mx0.3mm 
Soft glass 



30mx0.3mm 
Soft glass 
30mxO.3mm 
Fused silica 
30mxO.3tiun 
Fused silica 
30mxO.3mm 
■Fused silica 
3(rmx0.3mm 



Treimzahl* 


Peak symmetry 






ol 


D 


Cu 


40 32 


1.1 


1.5 


1.0 


40 30 


1.1 


1.3 


1.0 


55 40 


1.0 


1.0 


1.0 


44 35 


1.0 


1.0 


1.0 


27 32 


1.1 


1.1 


l.I 


28 31 


1.0 


1.0 


1.0 


30 ,30 


.1.0 


1.0 


1.2 


25 31 ■ 


1.0 


1.0 


1.1 
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Mass spectrometry (MS) 

MS analyses were pierformed on an MS S230 (Finnigan MAT, 
Bremen, FRG) to tandem with the gas chromatograpfajr (GC) capSI- 
laxy columns described above using the same HRGC conditions. 
MS(BI) were generated at 70 eV and MS(CI) at 1 10 eV with, ispbu- 
tane as the reactant gas. 



Gas chromatography I olfactometry (HRGCjO ) 

AliquoU of the volatile fractions were separated by HR(X 
tailed in Table 2 and odorants were perceived at a sniflme ^ 
21]. The sensory sienificanee of each odorant was evaluated sf 
pressed as the flavour dilution <FD) factor (10, 241 
thrc^olds in air were detemiined by HRGC/0 110, 21]. 



Table 2. Potent odorants (FD factor g 16) of the roasted powder and brew of Aiabica coffee 



Frac- Retention index on 



Aroma qtiality* FD factor* 





OV-1701 


SE-54 


FFAP 




Powder Brew 


significt 
estahlisj 
earlierS; 




6i& 








16 


32 




B 


739 


650 


950 


M^i^ 


16 


32 


[4], [5] .: 


B 


791 


695 


1060 


Buttery 


32 




141. 151 : 


A/B 


874 


821 




Amine-like 


32 


< 16 




51 


A 


930 


870 




Meaty, boiled 


128 


< 16 




5] 1 


A 


1004 


913 


1440 


Roasty (coffee-like) 


256 


64 




4J, [5] t 


D 


1022 






Sweaty 


64 


64 




5) ' 


c 


1040 


909 


1455 


Boiled potato~hke 


12B 


512 




5} 


D 


1073 




1365 


Fruity 


32 


16 






B 


1074 


997 


1370 


Roasty, earthy 


16 


< 16 






D 


1078 


1000 


1395 


Roasty, earthy 


64 


32 


f51 


c 










128 


. 32 






D 


1127 


972 


1655 


Meaty (broth) 


32 


64 


[5] 


B 


1138 


1023 


1517 


Catty, roasty 


2548 


256 


[5] 


B 


1146 


1097 


1428 


Earthy, roasty 


128 


32 


r5i 


D 


1149 


1078 


1435 


Earthy, roasty 


32 


16 






D 


1154 


1083 


1453 


Earthy, roasty 


2048 


1024 


[4], (5] 


B/C 








Honey-iike 


64 


32 


•fsi 


C/D 


1185 


1103 




Roasiy-earthy 


128 


128 






C 


1193 


1102 




Flowery 


32 


< 16 


rsi 


C 


1218 


1155 


J48S 


Earthy, roasty 


512 


128 






D 


1226 


1075 


1840 


Caramel-like 


64 


128 






C 


1228 


1093 


1850 


Phenolic, burnt 


32 


16 


W, [5] 


D 


1235 


1065 


2035 


Caramel-lifce 


16 


256 




B/C 


1237 


1186 


1520 


Earthy 


512 


128 


f4l, 15] 


C 


1254 


1184 




Roasty, earthy 


512 


32 






B 


1260 


1145 




Roasty, sweet 


32 


< 16 


[5] 


6 


1275 


um 




Fatty 


64 


< 16 


f41. [5] 


D 


1305 




2090 


Caramel-like 


16 


16 






D 


1347 


1107 


2200 


Seasoning-like 


512 


2048 






C 


1424 


1287 


2032 


Spicy 


256 


512 


151 


B/C 


1431 


1263 


2030 


Sweet, minty 


32 


< 16 






D 


1433 


1193 


2270 


Seasoning-like 


512 


1024 






C 


1482 


1323 


2205 


Spicy 


512 


512 


[4], [5] 


B 

B/C 


1502 


1395 


1815 


Honey-like, fruity 


2048 


64 


rs] 


1620 




2355 


Amine-Uke 


64 


64 






A 


1640 


1540 


. 2150 


Meaty, sweet 


32 


128 






D 


1645 


1410 


>2500 


Vaniiia-Uke 


32 


512 







1 2.3-Bot8ndiooc' (diacelyl) 

2 3-MethyIbutanaI* 

3 2,3-Pentandione' 

4 3-Mcthyl-2-buten-l -thiol' 

5 2-Methyl-3-furanthiol' 

6 2-Furfurylthior 

7 2-/3-Methylbutanoic add* 

8 Methional' 

9 Unknown 

10 Tiimethyltluazoie' 

11 Trimethylpyiazine' 

12 Unknown 

13 3-Mercapto-3-methyl-l-butanol' 

14 3-Mcrcapto-3-melhylbutylfonnate' 

15 3-Isopropyl-2-methoxypyra2ine' 

16 5-Ethyl-2.4-dimethyIthiazole* 

17 2-Bthyl-3,5-dimethylpyrazine* 

18 Phenylacetaldehyde* 

19 Unknown 

20 linalool' 

21 2,3-Diethyl-5-roethylpyrazine'' 

22 2-Hydroxy-3.4-dimethy!-2-cyclo- 

penlen-lKine' 

23 Guaiacpl* 

24 4-Hydroxy-2,5-dimethyl-3(2H)- 

furanonc* (HDF) 

25 3-rsobutyl-2-methoxypyrazine* 

26 Unknown 

27 5-MethyI-5(H)-cydopenta[bJpyrazine' 

28 (E)-2-Nonenal' 

29 Unknown 

30 3-Hydroxy-4,5-dimethyl-2(5H)- 

furanone* (Sototon) 

31 4-Ethylguaiacoi' 

32 ;>-Anisaldehyde' 

33 5-Ethyl-3.hydroxy-4-methyl-2(5H)- 

furanonc* 

34 4-Vinylguaiacol' 

35 (E)-^-DamasceaODe' 

36 Unknown 

37 Bis(2-metby]-3-fuiyl)disulphide' 

38 Vanillin* 



J 

* Hie compotmd was identified by comparing it with the reference 
substance on the basis of capillary gas chromatography (HRGC) oa 
the capiUaries presented fa) the tabic, the mass spectrum and (hfj 
• odoar quality and threshold, whit* was perceived at the sniffun 
port ; ; 

' The mass spectrometry signals of the substance were too wea3| 
for an iuierpretatioa; the compound was identified by comparing i 
with the reftrcnce substance on the basis of the zesting ' 
reported in footnote * 



' Fraction in which most of the compound appeared after enrich- 
ment by column chromatography 

Odour description assigned during aroma extract dilution analysis 
(ABDA) 

' The flavour dilution (FD) factor of the compounds wai evaluated 
using the capillaries given in brackets: no. 5 (SE-54), nos. 7, 13, 
22-24, 30, 33, 38 (FTFAP), the resting odorants (OV-1701) 
" The sensory significance of the compound for the flavour of 
roasted cofTee (powder) was reported by the quoted authors 



s and discussion 

^Hility of enoloxo compounds during HRGC 

l^fifee contains 4-hydroxy-2,5-dimethyl-3(2H)-furanonc 
rpF) and other compounds having an enoloxo sub- 
pucture [4, 5, 14]. HDF is partially degraded during 
alysjs by HRGC [311, which would affect the results of 
jpA. Therefore, ia preliminary experiments, the yields 
MlDF and cyclotene, as examples for enoloxo com- 
Svinds, after HRGC in relation to the amounts injected 
i GC capillaries coated with four stationary phases 
Table 1) were determined. To calculate the yields of the 
[iiuted samples, the peak areas were projected on to that 
^tbc undiluted sample, which was set 100%. Figure 2 
Seated that during HRGC on the relatively unpolar 
aipillaiies SE-54 and OV-1701 the yields of HDF and 
^^clotene decreased strongly with increasing dilution of 
the. sample. HRGC on Carbowax improved the results 
^t the highest yields were obtained on the capillary 
^kted with FFAP. Consequently, this capillary was used 
Rpr the AED A of the enoloxo compounds. 



Odorants of the roasted powder 

BDA of the coffee powder revealed 38 odorants with 
D,. factors of 16 or higher. These compounds were en- 
cHisd by colimin chromatography on silica gel as de- 
uled in Table 2. Compounds nos. 14 and 17 were en- 
%.ed further by HPLC of column fractions B and D. re- 
Sctively. HRGC-MS analysis and HRGC/0 of frac- 
gns A-D and the subfractions obtained from HPLC re- 
" 'd in the identification of 28 odorants (Table 2). Four 
mpounds (nos. 4, 5, 21 and 37) gave unclear MS sig- 
i^^They were identified on the basis of the criteria re- 
ted in footnote "f ' of Table 2. Six odorants, of which 
T12, 19 and 26 appeared with higher FD factors, were 
^entified. 

K'the higher FD factor range 128 to 2048 (Table 2) 
following 13 key compounds of coffee flavour were 
id: 2-methyl-3-furanthiol (no. 5), 2-furfurylthioI 
W6), methionai (no, 8), 3-mercapto-3-methylbutylfor- 
e(no. 14), 3-isopropyI-2-methoxypyra2iBe (no. 15), 
pl-3,5-dimethylpyrazine (no. 17), 2,3-diethyU5- 
^pyra2dne (no. 21), 3-isobutyl-2-methoxypyrazinc 
^5), sotolon (no. 30), 4-ethylguaiacol (no. 31), 5- 
g-hydroxy-4.methyl-2(5H)-furanone (EHMF, no. 
l^yinylguaiacol (no. 34), and (£)-^-damascenone 
"5)'. "With the exception of sotolon, EHMF and 2,3- 
^5-methylpyrazine, these potent odorants were 
^itified by Holscher et al. [5, 6] in the fraction of 

[olatiles screened by an AEDA. 
^iAEDA the authors [5, 6] diluted the extract 500- 
■^nd nine odorants at this level- and identified eight 
^^The potent odorants nos. 5, 6, 8, 14, 25, and 35 
mo'ng them as well as 2-/3-methyibutyric acid (no. 
HpF (no, 24), which showed relatively low FD 
'Vour study (Table 2). Holscher et al. {5, 6] re- 
^.o spicy odorants having high FD factors. On 
mot the RI data (2191 and 2257 on DB-Wax) re- 
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1 




C(ngl 

Fig.2 a, b. Yields of 4-hydroxy-2,5-dimethyl-3(2H)-furanone (a) and 
cyclotene (b) after ihe capillary gas chromatography (HRGC) on 
capillaries SE-54 (o), OV-1701 (o), carbowax (•) and FFAP (a); 
C, oompoond; cf. Table 1 



ported [5, 6] we suggest that these odorants were identical 
with sotolon (no. 30) and EHMF (no. 33), respectively. 
Sotolon was also been fouiid in sherry [32], cane sugar 
[33], fenugreek seeds [34], and aged sake [35], while 
EHMF has been detected in acid-hydrolysed vegetable 
proteins [36, 3"^. 

The conclusion of Tressl [4] that compounds nos. 2, 3, 
6, 17, 23, 24, 25, 28, and 34 play an important role in cof- 
fee flavour was supported by AEDA, in particular for 
nos. 6, 17, 25, and 34, which showed higher FD factors 
(Table 2). Kahweofuran, which was also proposed as an 
impact compound of coffee flavour [4], was indeed iden- 
tified (data not shown), but its very low FD factor sug- 
gested that it did not contribute to the coffee flavour. 



Odorants of the brew. 

A brew was prepared from the powder of the Arabica 
coffee sample. Its odorants were extracted and evaluated 
by AEDA. As the FD factor of a compound is propor- 
tional to its concentration in the extract [10] the results 
listed in Table 2 suggested that, compared to the powder, 
methionai (no. 8), HDF (no. 24), sotolon (no. 30) and 
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vanillin (no. 38} increased in the brew. On the other hand 
the thiols nos. 5, 6, 14 and the pyrazines nos. 15, 21, 25 
decreased strongly. These changes in the concentrations 
of the odorants might be caused by a lower solubility in 
the brew, as was found for (jE)-/5-damascenone [22], and 
by degradation of the odorants by the hot water used for 
preparation of the brew. In addition, the FD factors of 
water-soluble odorants (e.g. diacetyl, 2,3-pentandione) 
might be reduced by a low extraction yield from the 
brew. 



Odour thresholds 

The odour thresholds in the air of some key compounds 
of the coffee flavour were evaluated (Table 3). The lowest 
threshold was found for 3-niercapto-3-methylbutylfor- 
mate. It was 50-fold lower than the threshold of 2-fur- 
furylthiol, the impact compound of the roasty odour note 
of the coffee powder. The threshold of 2-ethyI-3,5-di- 
mcthylpyrazine was in the same range as that of the 2-fur- 
furylthiol. Together with (£)-/-damascenone, the 
threshold of which was four-fold lower, this pyrazine ap- 
peared with the highest FD factor in the extract of the 
cofTee powder and was also important for the flavour of 
the brew. In the group of the enoloxo compounds, which 
contribute significantly to the flavour of the brew, the 
odour thresholds increased in the order 5-ethyl-3-hy- 
droxy-4-methyI-2{5H)-furanone, sotolon, 2-hydroxy- 



Tabk3. Odour threshold of s 
0>owder and brew) 



t VDlatiles identified in coflee 



Compound 


Threshold 
(neA^ air) 


Capil- 
lary* 


3-Mercapto-3-methyIbutylfonnate 


0.0002-0.0004 


OV-1701 


3-Isopropyl-2-niethoxypyraziiie 


O.O005-O.001 


OV.I701 


2-Methyl-3-furan thiol 


0.001 -0.002 


SE-54 


3-IsobutyI-2-metboxypyraztne 


0.002 -O.004 


OV-1701 


5-Ethyl-3-hydroxy-4-methyl-2(5H)- 
fuxanone 


0.002 -0.004 


OV.1701 


(E>^-Damascenone 


0.002 -O.004 


OV-1701 


2-EUiyI-3,5-dimethylpyra2ine 


0.007 -0,014* 


OV.1701 


2,3-Diethyl-5-methylpyra2inc 


0.009 -0.018* 


OV-1701 


2-Furftiiylthiol 


0.01 -0.02 


OV-1701 


Sotolon 


0.01 -0.02 


FFAP 


4-Etbylguaiacol 


O.OJ -0.03 


OV.1701 


2-Hydroxy-3 ,4-diniethyl.2-cyclo- 


0.05 -0.1 


FFAP 


pentcD-l-one 






Methional 


O.OB -0.16 


OV.1701 


4-ViDylguaiacol 


0.4 -0.8 


OV-1701 


Trimethylthiazole 


0.5 -1.0 


OV-1701 


Vanillin 


0.6 -1.2 


OV-1701 


4-Hydroxy-2,5-dimcthyl-3(2H)- 


0.5 -1.5 


FFAP 


furanone 






3-MetIiylbutanBl 


2 -4 


OV-1701 


ITiacetyl 


10 -20 


OV-1701 


2,3-Feotadioiie 


10 -20 


OV.170J 



3,4-dimethyI-2-cycIopentcn-l-one and HDF. D'" 
and 2,3-pentandione were important odorants sh' 
relatively high thresholds. 



Condusions 

The character impact odour compounds of the p- 
and brew of Arabica coffee are different. The con'" 
tions of thiol odorants (e.g. 3-mercapto-3-methylb 
formate, 2-furfurylthioI) and (£)-^-damascenon- 
stronger in the flavour of the powder than to that o 
brew. The reverse effect was found for methional,; 
Ion, 4-hydroxy-2,5-dimethyl-3{2H)-furanone and 
lin. 2-Ethyl-3,5-dimethylpyrazine plays an unportant 
in the flavoxu^ of both the powder and the brew. 
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COFFEE FLAVUR CHEMISTRY 

Ivon Flament 

formerly ca Fi!nicn)di SA, Seoe^o, 5/, kzerland 

With the cotlauoratton of ..-.^LlS^C- 
Yvonne Ihomas-Bessiere 





For the best part of two centuries investigators have tried with varying degrees of p 
success to Identify the compounds which give roasted coffee its characteristic aroma ! 
and taste. The analytical methods and the state of progress in chemistry at the end r- 
of the 1 9th century did not allow for the separation, isolation and identification of the ^ . . 
multitude of trace chemicals which are present in roasted coffee. By 1900, scarcely ¥ ^ s ** 
a dozen compounds had been identified. Since the beginning of the sixties, with the ^ „ \, ^ 

advent of gas chromatography and mass spectrometry, the number of identifications I ^.jf- ^ \^ %' i 
has increased tremendously. To date. 850 compounds have been identified in the ^""^^^ 
flavor of roasted coffee and 300 in the smell of green coffee. > 

In this work, the auttiors systematically review the non-volalile constituents of green i 
coffee, including their structure, and discuss their important contribution as flavor i 
precursors dunng the roasting process. They also trace the chronological discovery i 
of the Individual chemicals and critically examine the validity of their identification, ! 
highlighting the enormous progress which has been realized during the twentieth i 
century and particularly in the last 40 years. For convenience, the constituents of i 
green and roasted coffee have been distributed into chemical classes according 
to structure, systematic and empirical names, their CAS Registry Numbers and 
occasionally their FEMA classification. Comments are made on the origin or the 
formation during roasting of each individual compound. 

Coffes Flavor Chemistry: 

• contains an up-to-date list of almost 1400 original literature references; 

• IS the first book to provide a comprehensive overview of coffee flavor chemistry; 

• critically discusses all of the identified and confirmed compounds in coffee; 

• presents the major part of the book as a catalogue, for the benefit of the reader; 

• Includes Information on structures, systematic and empirical names, identification, 
mechanism of formation, synthesis, detection threshold and organoleptic proper- 
ties of each constituent where available; 

• devotes a chapter to the flavor precursors, including the names and structures of 
the compounds with reference to the con-esponding analytical work. 

This book will be an invaluable reference for scientists - including analytical 
chemists and flavorists - in coffee companies, food Industries, essential oils and 
flavor companies, pharmaceutical laboratories, food technology institutes, international 
and governmental regulation authorities and quality control laboratories. / , 
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Analysis of Roasted Coffee Powders and Brews by 
Gas Chromatography-Olfactometry of Headspace 
Samples 

Peter Semmelroch and Werner Grosch* 



Deutsche iForschungsanstalt fQr Lebensmittelchemie, LichtenbergstraBe 4, D-85748 Garching (Germany) 
(Received November 21, 1994; accepted December 5, 1994) 



The highly volatile, potent odorants of coffee samples were evaluated by gas chromatography-olfactometry of decreasing 
headspace samples (GCO-H). 2.3-Buianedione. 2,3-pentttnedione, 3-methyl-2-butenthiol (I), methional, 2-furfurylthiol (II) and 
3-mercaplo-3-methylbutylformaie (III) were the key odorants of both, the powders ofArabica and Robusta coffees. 2-Methyl- 
3-furanthiol (IV), 2,3-diethyl-5-methylpyrqzine arid an unknown compound were additional key odorants of the latter An 
increase in the odour potencies of acetaldehyde, propanal, methylpropanal, 3-methylbutanal and dimethyltrisulphide as well as 
a decrease in the odour potencies of the thiols I to IV in the brews were the major differences with regard to the powders. 



Introduction 

Odorants contributing to the smell of freshly roasted 
coffee beans have been screened by aroma extract 
dilution analysis (AEDA) and then identified (1,2). 
However, AEDA is limited to odorants boiling higher 
than the solvent used for the extraction and dilution 
steps. Furthermore, odorants boiling in the same range 
as the extraction solvent are partially lost during the 
concentration of the extract by distilling off the solvent. 
To overcome these limitations, AEDA was completed 
by gas chromatography-olfactometry of headspace 
samples (GCO-H) (3,4). 

The highly volatile odorants of freshly roasted coffee 
beans have been screened by GCO-H (3), and, by 
analogy with AEDA (5) the results have been 
expressed as flavour dilution (FD) factors. The FD- 
factor for a compound is a measure for its odour 
potency and is defined as ratio of its concentration in 
the largest headspace sample to its concentration in the 
smallest one in which odour was detected by GCO (3). 
In the headspace of coffee 12 odorants were identified 
in the largest sample of 250 \iL (3). Methanethiol and 

2- methylpropana! showed the highest FD-factor of 25; 
2,3-butanedione, 2,3-pentanedione, 3-methylbutanal 
and 2-furfurylthiol followed with an FD-factor of 5. 
Headspace samples often contain odorants in such low 
concentration levels that they give no detector 
response. In the case of coffee, 2-furfurylthiol, 

3- methyl-2-butenthiol and methional are examples 
which are only detectable by sniffing of the GC effluent 
(3). However, as discussed recently (4), most of these 
*To whom correspondence should be addressed. 
0023-6438/95/030310 + 04$08.00/( 



odorants can be identified in headspace samples on the 
basis of the results obtained by a preceding AEDA. 
In the present study, GCO-H was applied to compare 
the highly volatile odorants of the powders and brews 
prepared from roasted Arabica and Robusta coffees. In 
addition, a brew obtained from a soluble coffee powder 
was included in the comparison. 



Materials and Methods 

The Arabica coffee {Coffea arabica) from Columbia 
and the Robusta coffee (Coffea canephora van robusta) 
from Indonesia were medium roasted and then ground 
(particle size: 300-500 |im). The coffee powders were 
packed in 1 kg portions which were sealed under 
vacuum and stored at -35°C until use. Hot water (1.1 L, 
ca. 95 °C) was poured on the coffee powder (54 g) in a 
filter (Kaffee-Filterpapier Nr. 4, Plus Warenhandelsge- 
sellschaft, Hamm, Germany) yielding 1 L of the coffee 
brew. A soluble coffee powder was purchased from a 
local market; it (16 g) was dissolved in 1 L of hot water 
(ca. 95 "C). 

Pure compounds, corresponding to those in Table 1 
were obtained commercially from the sources (in 
brackets) : nos. 1, 3 to 8, 11 to 13, 22, 24, 26 (Aldrich, 
Steinheim, Germany), no. 2 (Fluka, Neu-Ulm, Ger- 
many), no. 16 (Haarmann & Reimer, Holzminden, 
Germany), nos. 28 and 29 (Lancaster, Eastgate, UK). 
The following reference substances were synthesized 
according to the literature: 3-methyl-2-butenthiol (6), 
©1995 Academic Press Limited 
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Table 1 GCO-H of roasted coffee powders and brews 



No of com und' 
0.0 compoun 


Odour descri tion" 
our escnp on 


RIonRTXS 


Arabica 


wder 
Robusta 


FD-factor^ 


Brew 
Robusta 


Soluble 
coffee 


1 Acetaldebyde" 


Fruity, pungent 


<400 


25 


25 


125 


62.5 


12.5 


2 Methanethiol** 


Putrid, cabbage-like. 


<400 


5 


12.5 


1 


1 


n.d. 


3 Propanal 


sulphurous 
Fruity 


-450 


5 


5 


25 


25 


25 


4 Methylpropanal*' 


Fruity, malty 


-550 


5 


5 


25 


25 


25 


5 23-Butanedione'' 


Buttery 


580 


62.5 


125 


125 


125 


615 


6 3-Methylbutanal'' 


Malty 


653 


12.5 


25 


62.5 


62.5 


25 


7 2-Methylbutanal'' 


Malty 


662 


5 


12JS 


25 


25 


12.5 


8 23-Pentanedione'' 


Buttery 


697 


125 


125 


125 


62.5 


62.5 


9 3-Methyl 2-butenthiol' 


Foxy, skunky 


822 


62.5 


625 


5 


5 


1 


10 Unknown 


Meaty, roasty 


839 


n.d. 


5 


n.d. 


n.d. 


n.d. 


11 2-Methyl-3-furanthiol' 


Boiled meat-like 


870 


25 


125 


5 


5 


n.d. 


12 Methional' 


Boiled potato-like 


906 


62.5 


62.5 


25 


25 


5 


13 2-Furfurylthiol° 


Roasty 


911 


62.5 


125 


12J 


12J 


n.d. 


14 Unknown 


Roasty 


939 


n.d. 


5 


n.d. 


n.d. 


n.d. 


15 Dimethyltrisulphide' 


Cabbage-like 


970 


n.d. 


1 


12.5 


25 


n.d. 


16 l-Octen-3-one' 


Mushroom-like 


978 


n.d. 


n.d. 


5 


1 


n.d. 


17 Unknown 


Roasty 


986 


1 


25 


n.d. 


1 


n.d. 


18 Unknown 


Musty, earthy 


1002 


n.d. 


n.d. 


5 


5 


n.d, 


19 Unknown 


Earthy, roas^ 


1012 


n.d. 


n.d. 


5 


5 


n.d. 


20 3-Mercapto-3-methylbutylfonnate° 


Catty, roasty 


1022 


62.5 


62.5 


1 


1 


n.d. 


21 2-Ethyl-3,5-dimethylpyrazine° 


Earthy, roasty 


1086 


25 


62.5 


25 


62.5 


25 


















23 Unknown 


Earthy, roasty 


1107 


25' 


125 


25 


25 


5 


24 2,3-Diethyl-5-methylpyrazine° 


Earthy 


1155 


25 


125 


25 


125 


12.5 


25 Unknown 




1182 


12.5 


62.5 




25 


12.5 


26 2-Isobutyl-3-methoxypyrazine' 


Green, earthy 


1186 


25 


1 


125 


1 


n.d. 


27 Unknown 


Roasty, sulphurous 


1225 




5 


1 


5 


n.d. 


28 4-EthylguaiacQr 


Phenolic, spicy 


1282 


n.d. 


n.d. 


n.d. 


5 


n.d. 


29 4-Vinylguaiacol° 


Phenolic, spicy 


1317 


n.d. 


n.d. 


5 


25 


n.d. 


30 (E)-P-Damascenone° 


Honey-like, fruity 


1400 


5 


5 


n.d. 


n.d. 


n.d. 



° The compounds which appeared in one of the coffee samples with an FD-factor of at least five are compared. 
*" Odour description assigned during GCO-H. 

' The relationship between FD-factor and headspace volume is given in Table 2. 

■* The compound was identified by comparing it with the reference substance using the following criteria: retention index (RI) 
on the capillary RTX-5, the mass spectrum and the odour quality perceived at the sniffing port. 

' The compound was identified by comparing it with the reference substance on the basis of the RI on capillary RTX-5 and 
the odour quality perceived during GCO-H. 

n.d.: not detectable in the highest headspace volume of 2SmL (Table 2). 



dimethyltrisulphide (7), 3-inercapto-3-methyIbutylfor- 
mate (2), 2-ethyI-3,5-ditnethylpyrazine (8), (E)-B-dam- 

ascenone(9). 



Gas chromatography-olfactometry 

GCO-H was performed with a CP-9001 gas chromato- 
graph connected to the purge and trap system TCT/PTI 
4001 (Chrompack, Frankfurt, Germany). The TCT/PTI 
4001 system was programmed and controlled via the 
keyboard of the gas chromatograph. The empty glass 
tube in the desorption heating block of the purge and 
trap facility was deactivated by treatment with a 
mixture of l,3-diphenyl-l,l,3,3-tetramethyldisilazane, 
hexamethyldisilazane and pentane (1:1:2, v/v/v) (H. 
Guth, personal commtmication). TTie gas chromato- 
graph was equipped with a cooling system for the oven 
(Chrompack) and with a RTX-5 (crosslinked SE-54) 



fused silica capillary (30 m X 0.52 mm, film thickness 
1.5 |im; Amchro, Sulzbach/Taunus, Germany). At the 
exit of the capillary, the effluent was split (1 + 1, v/v) 
into a FID and a sniffing port by using deactivated 
fused silica capillaries (30 cm X 0.10 mm). The FID 
and the sniffing port were held at a temperature of 200 
"C Nitrogen (20 mL/min) was used as make-up gas for 
the FID. After each run the purge system was automat- 
ically cleaned (clean-up flow: 50 mL helium clean-up 
temperature: 275 °C). 

Coffee powder (100 mg) was put into a vessel (volume: 
250 mL), sealed vnth a septum and then held at room 
temperature for 30 min. Coffee brew (10 mL) was put 
into a vessel (voliune: 100 mL), sealed with a septiuti 
and then held in a water bath at 70 °C for 30 rain. 
The headspace volumes given in Table 2 were drawn by 
a gas-tight syringe and then injected with a velocity of 
about 20 mL/min into the purge system which operated 
in the desorption mode for 10 min at a temperature of 
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Table 2 Injected headspaces volumes and corresponding 
FD-factors 



Headspace volume (mL) 25 5 2 1 0.4 0.2 
FD-factor 1 5 12.5 25 62.5 125 



280 °C. The carrier gas helium (flow: 20 mL/min) swept 
the headspace sample into the trap (20 cm X 0.53 mm 
fused silica capillary coated with CP-sil 8CP, film 
thickness 5 (im) which was cooled with liquid nitrogen 
at -110 °C. To start the GC run, the trap was heated up 
very rapidly to 250 °C. This temperature was held for 1 
min, and the sample was flushed by the helium (flow 
rate: 8 mL/min) onto the RTX-5 capillary. The tem- 
perature of the oven was held at 0 "C for 2 min, then 
raised at a rate of 6 "Omin to 50 °C held for 2 min and 
then raised at a rate of 8 "Qmin to 250 °C. 



Headspace — GC/MS 

The apparatus used for GCO-H was modified. The 
RTX-5 capillary was replaced by a DB-5 fused silica 
capillary (30 m X 0.32 mm, film thickness 0.25 (un; J & 
W. Scientific, Folsom, U.S.A.). The exit of the capillary 
was coupled with the mass spectrometer Incos XL 
(Finnigan, Bremen, Germany). The flow of the carrier 
gas helium was 2 mL/min, and the same temperature 
program as reported under Headspace-GC/0 was used. 
Headspace samples of 20 mL were analysed as reported 
above. Mass spectra were generated in the electron 
impact mode (MS/EI) at 70 eV. 



Results and Discussion 

The results of GCO-H of the coffee samples are 
summarized in Table 1. Twenty odorants (nos. 1 to 9, 11 
to 13, 20 to 26, 30) showing FD-factors of 5 and higher 
were perceived in the headspace of Arabica coffee 
(powder). Odorants nos. 1 to 8 were identified by 
comparing the RI value, the mass spectrum and the 
odour quality with the corresponding properties of the 
reference substance. No mass spectrum was obtained in 
the cases of nos. 9, 11 to 13, 20 to 22, 24, 26 and 30. 
These odorants have been identified in the preceding 
AEDA (1,2) and most of them have been also 
quantified (10). Consequently, it was easy to identify 
them during GCO-H by comparing their RI values and 
their odour qualities with the corresponding properties 
of the reference substances. Only the earthy, roasty 
compounds nos. 23 and 25 remained unidentified. 
There was a good agreement in the highly volatile 
odorants with those reported by Holscher and Stein- 
hart (3) for Arabica coffee (powder). With exception of 
hydrogen sulphide and dimethylsulphide, all of the 
odorants (nos. 1, 2, 4 to 9, 12, 13 in Table 1) sniffed by 
the authors (3) were also perceived in this study. In 
addition, the thiols 11 and 20 were identified showing 
high FD-factors in the headspace of both coffee 
powders (Table 1). According to the results of preced- 



ing experiments (Guth and Grosch, unpublished 

results), these odorants are only detectable by GCO-H 

when the empty glass tube in the desorption block is 

deactivated (cf. Materials and Methods). 

With exception of na 26, all odorants with an FD-factor 

of at least five in the headspace of the Arabica coffee 

occurred also in that of the Robusta coffee (powder), 

but the latter contained three further odorants (nos. 10, 

14, 17) of unknown chemical structure. 

On the basis of their high FD-factors, 2,3-butanedione, 

2,3-pentanedione, 3-methyl-2-butenthiol. methional, 

2- furfurylthiol and 3-mercapto-3-methylbutylformate 
were the key, highly volatile odorants of both powders. 
The FD-factors of these and of the odorants nos. 1 to 4, 
6, 7. 21, 22 and 30 were identical in both coffee samples, 
as they differed, at the most, by only one dilution step, 
which is within the limit of error of the GCO-H. Only 
quantitative measurements as performed in (10) could 
make clear whether the concentration levels of these 
odorants are different in the coffee samples. In con- 
trast, clear differences in the odour potencies were 
found for 2-methyl-3-furanthiol, 2,3-diethyl-5-methyl- 
pyrazine and the unknown no. 23, which all belong only 
to the key odorants of the Robusta coffee powder on 
the basis of their high FD-factors (Table 1). 

Brews were prepared from both coffee powders and 
held at 70°C until the headspace samples were drawn 
and analysed by GCO-H. This was performed very 
carefully, as the high water pressure at 70°C might 
damage the stationary phases of the GC capillaries. The 
results listed in Table 1 indicate that the powders and 
the brews agreed in compounds nos. 5 and 8 as major 
odorants. The well-known, strong difference between 
the overall odours of the powders and the brews was 
mainly due to a decrease of the FD-factors of the thiols 
nos. 2, 9, 11, 13 and 20 as well as to an increase in the 
FD-factors of acetaldehyde, propanal, methylpropanal, 

3- methylbutanal and dimethyltrisulphide in the brews. 
Furthermore, the guaiacols 28 and 29 were detectable 
in the brew of Robusta coffee, and 29 also in that of the 
Arabica coffee. 

A brew prepared from a soluble coffee powder was also 
analysed by GCO-H. The results in Table 1 reveal that 
the potency of the major odorants nos. 3 to 8, 21, 22, 24 
and 25 agreed with that of the corresponding odorants 
of either the Arabica or the Robusta coffee brew or of 
both. On the other hand, the brew prepared from the 
soluble coffee powder was found to lack acetaldehyde, 
the thiols nos. 9, 11, 13, methional, unknown no. 23 and 
the guaiacols 28 and 29 compared to the brews 
prepared from the Arabica and the Robusta coffee 
samples. 
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APPENDIX F 



I 3.2 Enhanced Roast Coffee (outside standard of identity) 



In this case, 1 1 prototypes were produced by adding combinations of 3 chemicals (hnalooi, 6- 
damascanone and phenyelthanol) into the already brewed coffee following an experimental design. 
Base used for the addition of chemicals was standard Jacobs Kroenung that was used as reference as 
well. 

When results are analysed for all consumers, only 2 products scored parity with Kroenung although 
numerically inferior (Chart 6). All the rest scored significantly lower for this category of consumers. 

Chart 6: Overall liking for all consumers 



F/F5(LtL)KroenungStandard ] ^- ;^-.liimr- I 
F/F2(LLH) + CA ^ ^•■''"'■;i.-.'->- Cf' f'-'l'-^' ^f^l 

F/F12 (LLH) 
F/F7(HLL) 
F/F4(LHL) + CA 




F/F9 (HHH) . CA im&M.lf-i 



F/F3(HLL) + CA 
F/F10 (HHH) 

F/F8 (LHH) 
F/F6 (HLH) + CA 
F/F11 (NHL) 



3 



Parity to 
Kroenung 



Opinion of Taste (9 pt) 

Products codes: (linalool, B-damascanone and phenyelthanol) L= None, H = Addition of the chemical 



Chart 7 reflects the results when the analysis is focused in fruity/floral likers (40%, identified through 
the classification set referred previously). In this case, 4 products scored numerically better than the 
reference, with one of them being significantly superior. This superiority is driven by the presence of 
linalool in the Kroenung base and it can be seen in most products with the high scores. The prototypes 
with linalool scoring lower tend to be those having additional acidity (citric acid). This confirms the 
sensory assessment of the acidity-fruitiness axis explained in the previous section where fruity/floral 
likers are described as fruity likers and acidity dislikers. On the other side, Chart 8 shows the tolerance 
of the fruity/floral dislikers to acidity and their dislike for fruitiness with products with linalool scoring 
low and products with added acidity spreaded across the scores. 



Chart 7: Overall liking for fruity/flora! likers (40% all consumers) 
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Linalool - Wikipedia, the free encyclopedia 



http://en.wikipe(iia.org/wiki/Linalool 



Linalool 



From Wikipedia, the free encyclopedia 

Linalool (PA: /li n^loUD]/) is a naturally-occurring terpene 
alcohol chemical found in many flowers and spice plants with 
many commercial applications, the majority of which are based 
on its pleasant scent (floral, with a touch of spiciness). It has 
other names such as P-linalool, linalyl alcohol, linaloyl oxide, 
p-linalool, allo-ocimenol and 2,6-dimethyl-2,7-octadien-6-oL 
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In nature 

Over 200 species of plants produce linalool, mainly from the 
families Lamiaceae (mints, scented herbs), Lauraceae (laurels, 
cinnamon, rosewood) and Rutaceae (citrus fruits), but also birch 
trees and other plants, from tropical to boreal climate zones. It 
was also found in some fungi. 



Linalool 


HO / 1 


lUPAC name 


[show] 


Identifiers 


CAS number 


78-70-6 


PubChem 


6549 


SMILES 


[show] 


InChI 


[show] 


Properties 


Molecular formula 


CloHigO 


Molar mass 


154.25 g/mol 


Density 


0.858 - 0.868 g/cm"^ 


Melting point 


<20°C 


Boiling point 


198- 199 °C 


Solubility in water 


1.589 g/1 


Hazards 


Flash point 


55 °C 


Except where noted oth 


awise, data are given for 


materials in their standard state 


(at 25 "C, 100 kPa) 


Infobox references 



Enantiomers 



Linalool has a chiral center at C3 and therefore two stereoisomers: licareol is (R)-(+)-linalool with CAS 
No. 126-90-9 (PubChem 67179) and coriandrol is (S)-(-)-linalool with CAS No. 126-91-0 (PubChem 
13562). 

Both enantiomeric forms are found in nature: S-linalool is found, for example, as a major constituent of 
the essential oils of coriander (Coriandrum sativum L. family Apiaceae) seed, palmarosa [Cymbopogon 
martinii var martinii (Roxb.) Wats., family Poaceae], and sweet orange {Citrus sinensis Osbeck, family 
Rutaceae) flowers. R-linalool is present in lavender {Lavandula officinalis Chaix, family Lamiaceae), 
laurel {Laurus nobilis, family Lauraceae), and sweet basil {Ocimum basilicum, family Lamiaceae), among 
others. 
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Linalool - Wikipedia, the free encyclopedia 
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Each enantiomer evokes different neural responses in humans, and therefore are anthropophilically 
classified as possessing distinct scents. 3S-(+)-linaIool is perceived as sweet, floral, petitgrain-like (odour 
threshold 7.4 ppb) and the 3R-fonn as more woody and lavender-like (odour threshold 0.8 ppb) 

Biosynthesis 

In higher plants linalool as other monoterpenoids is produced from isopentenyl pyrophosphate via the 
universal isoprenoid intermediate geranyl pyrophosphate, through a class of membrane-bound enzymes 
named monoterpene synthases. One of these, linalool synthase (LIS), has been reported to produce 
(S)-linalool in several floral tissues. 

Uses 

In addition to its use as a scent in domestic products such as soap, detergent, shampoo, and lotion, linalool 
is also used as a chemical intermediate. One common downstream product of linalool is Vitamin E. 
Linalool, is also used by pest professionals as a flea, and cockroach insecticide 

Safety information 

Linalool should be avoided by people with perfume allergy'-* -I. 
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■ Comprehensive data sheet (http://www.inchem.org/documents/sids/sids/78706.pclf) 

■ Record (http://householdproducts.nhn.nih.gov/cgi-biii/household/brands?tbl=chem&id=2771) in the 
Household Products Database of NLM 
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